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Stroke as a result of carotid endarterectomy (CEA) is usually
attributed to technical complications.1,2 Accordingly, some
surgeons have instituted a policy of routine completion
imaging (RCI).3e8 Based on variously deﬁned ﬁndings these
surgeons will re-explore with the intention of correcting the
abnormality. It would seem self evident that this approach
would lead to elimination of all technical defects and result
in an almost negligible incidence of postoperative stroke.
However, it is my contention as well as that of others9e11
that RCI is unnecessary and may often result in the very
complications that the surgeon is trying to avoid. So why is
it that I can argue against a protocol that intuitively seems
to be so appropriate? The answer to this supposed paradox
requires an examination of the different methods of per-
forming RCI.ROUTINE COMPLETION ANGIOGRAPHY (RCA)
A major drawback to RCA is that defects that prompt re-
exploration are ill deﬁned.7,9,12 Surgeons cannot be sure
that the problem, left alone, would impact outcome. For
example, Ricco et al.3 will re-explore for an intimal ﬂap and
this would seem entirely appropriate. However, is a tiny ﬂap
as worrisome as one clearly seen to be waving in the ﬂow
lumen? They also re-explore for residual stenosis of 50% or
greater in the internal carotid artery (ICA) or common
carotid artery (CCA) and of more than 70% in the external
carotid artery (ECA). However, since their images are ob-
tained only in an anterior and 45 degree oblique projection,
can they really be sure about the diameter reduction?
Further, is leaving a CCA or ECA lesion of any clinical
consequence? Although there are rare reports of emboli
arising from the stump of an occluded ECA,3,7,13 Ascher
et al.14 suggested that residual stenoses in the external
carotid artery are irrelevant. In a recent review of 1952
CEAs performed without RCI by our group, postoperative
ECA occlusions were unusual (24 [1.2%]). However, only one
patient complained of jaw claudication and in no patient
could we involve such lesions in early or late neurological
events. It would seem that chasing these ECA lesions is
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ﬂaps that required subsequent reintervention. Further, after
we caused a stroke by inadvertently clamping a friable
common carotid lesion, we now routinely evaluate the
preoperative duplex scan to evaluate the extent of common
carotid plaque. This allows us to plan the placement of the
proximal clamp. Since then there have been no common
carotid injuries and it is exceedingly rare that we leave
behind a signiﬁcant common lesion. Even so, Ascher et al.4
demonstrated in their experience that residual common
carotid lesions did not result in perioperative stroke. In the
study by Ricco where 6.1% of CEAs where re-explored, more
than half were for ECA or CCA lesions.3 If most of these
could be considered unnecessary, then only 2.3% of their
CEAs would have demonstrated a lesion that may have
“required” correction.
Ricco et al. also state that they will explore for “any
intraluminal ﬁlling defect”. I would presume that they must
be ignoring some of trivial ﬁndings since they describe only
7 (0.6%) such defects in a series of 1107 CEA’s. In fact they
do describe ignoring 39 minor defects. However, other
surgeons might not consider them minor instead subjecting
the patient to unnecessary re-exploration.
These same authors3 also describe having encountered
2.8% distal ICA spasm all resolving using intra-arterial drugs.
The implication is that had the spasm not been visualized
and had it not been corrected by medications, neurological
events would have resulted. This is clearly not the case. It
implies that surgeons who do not identify and treat these
spastic events would invariably notice additional stroke
rates of up to 2e3%. Further, if this is something they
believe happens so frequently and always corrects with
drugs, why not simply inject these agents at the completion
of the CEA? Ricco et al.3 report a stroke rate which at 1.2%
is commendable but is not any better than reports from
surgeons who never perform RCA such as our group.15
Further, I would suggest a Type 1 error in data analysis
refutes their claim that there was no statistical difference
between stroke rates in patients with a normal carotid
arteriogram (0.2%) and those with a corrected defect
(2.7%). There were just too few strokes overall (15) and too
few patients undergoing correction (72) to compare to the
uncorrected group (1107). Irrespective 2.7% is worse than
0.2% regardless of statistical insigniﬁcance. Further, they
acknowledge a signiﬁcant increase in TIA in the revised
group (5.5% vs. 0.9%) as well as more postoperative
hematomas (4.2% vs. 0.3%). Equally damaging was the
ﬁnding that, despite a normal arteriogram, 3 patients still
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Interestingly, they report that even when an ECA stenosis
was corrected 40% restenosed or occluded. They did not list
any clinical event related to these ﬁndings. So why bother
looking for and correcting ECA stenosis in the ﬁrst place?
Another large study of completion imaging was per-
formed by Zanetti et al.12 who retrospectively evaluated the
EVEREST study which was designed to test the durability of
eversion CEA. There are many problems with this study
especially that imaging was left to the discretion of the
surgeon, not necessarily routine and 22% were by
completion angioscopy. Also, only single projection X-rays
were used. Further, they did not deﬁne major or minor
strokes which were found in 4% and 5% of 1302 CEA’s
respectively. Irrespective, 35 ICA or CCA lesions were cor-
rected resulting in a statistically signiﬁcant increase in per-
ioperative ipsilateral stroke in the patients requiring
revision. In contrast, there was no signiﬁcant increase in
patients with minor defects. It does not appear that the 13
major ECA lesions encountered in EVEREST were corrected.
ROUTINE COMPLETION ANGIOSCOPY (RCANG)
This method of visualization is seldom performed in North
America. The largest reported study with this technique,
Sharpe et al.16 studied 1600 CEAs over 4 consecutive
cohorts of 400 patients. In the ﬁrst cohort there were 4.9%
intimal ﬂaps that were repaired but as they became more
meticulous only 0.8% required correction in the last cohort.
Instead of claiming that angioscopy could be beneﬁcial in
0.8%, they averaged the intimal ﬂap rates (2.1%) thus
making RCANG appear to be more important. They also
describe ﬁnding retained thrombus in 7% of CEAs. However,
they acknowledge that this includes small and large
thrombi, an indeterminate proportion of which would not
have caused any problem. Further, they state that thrombi
that were adherent to the endarterectomy site were
remarkably resistant to ﬂushing and “blind” irrigation, yet it
appears to have been effective in all patients. So might we
assume that we could achieve the same results with our
standard ﬂushing and irrigation without need for an
angioscope? In addition, this instrument was either
unavailable or broken in up to 7% of CEAs. They also make
a salient point against all immediate CI techniques. That is
that some neurological events are due to platelet thrombi
occurring in the recovery room and could not have been
visualized at the time of CEA.
ROUTINE COMPLETION DUPLEX ULTRASONOGRAPHY
(RCD)
Proponents of RCD explain that it is easy to perform, inex-
pensive and allows for a magniﬁed image of the artery.2,4
Further, in comparison to RCA it avoids the possibility of
air embolization and allows full evaluation of the entire
artery therefore more regularly allowing visualization of the
proximal common carotid. However, RCD does involve the
indirect expense of tying up a technologist as well as the
time to do the test.17 More importantly proponents remainunsure as to which lesions need repair.18 Although some
place store in peak systolic velocity of >150 cm/s,11,19,20
Ascher et al. have shown that in the absence of B-mode
abnormalities such increased velocities may be due to size
disparity between the patch and the distal internal carotid
artery.4 Distal spasm may also cause increased velocities that
would not require re-exploration. In fact, only 15 of their 650
procedures (2.3%) “required” surgical revision. None of
these patients suffered a stroke but it is premature to
conclude based on such a small number that revision is safe.
Surprisingly, no patient in their series suffered a stroke or TIA
in the immediate postoperative period.NO COMPLETION IMAGING (NCI)
Despite NCI in 2084 CEAs our group’s 30 day stroke and TIA
rate are now both 0.91%. Assuming that 12 strokes evident
immediately could not have been prevented by RCI, theo-
retically only six patients (0.29%) of our series could have
beneﬁted from RCI. These would have included:
Three patients that presented with a minor stroke within
24 h but who had a completely normal carotid duplex study
and so were not re-explored. Conceivably they may have
embolized retained material that would have been visual-
ized by RCI.
One patient who occluded his carotid the following
morning.
The two patients who required reoperation when
common carotid ﬂaps were encountered six weeks after the
original CEA.
We did return twelve patients to the operating room for
neurological ﬁndings occurring within 24 h of CEA but in
seven no abnormality was detectable and the arteriotomy
was not reopened. All but one awoke neurologically intact
from the exploration. In the other four, platelet clots were
removed without any technical abnormality to explain their
occurrence. All four patients made an uneventful recovery.
One patient had the patch reopened but no defect was noted
and she also woke from the exploration without any deﬁcit.
Proponents of completion imaging also suggest that
correcting lesions can prevent recurrent stenosis.21
However we have previously reported that recurrences
are rare with NCI (5.4%), usually self limiting and very rarely
require reintervention.22CONCLUSION
Despite claims that routine RCI is beneﬁcial, I remain
convinced that there is no strong argument in its favor.
Rather I would suggest the following:There is no guarantee that re-exploration will correct
the problem.
Not only is there the expense of RCI but prolonging
operating time adds to the cost of the procedure.
After re-exploration another RCI will be required
further adding to operative time and cost.
Large studies suggest that re-exploration leads to
more complications.
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anticoagulation with potential postoperative
hemorrhage.
Re-exploration will result in repeat exposure to
cerebral ischemia.
Some neurological events such as intra-cerebral
hemorrhage and hyperperfusion syndrome are
unrelated to technical complications of the surgery
and so would not be impacted by RCI.
Some neurological events occurring soon after
completion of the endarterectomy are unrelated to
technical error but rather development of platelet
thrombi that would not have been visualized by any
current RCI.
No one is really certain which imaging ﬁndings require
correction.
The majority of identiﬁed “problem” defects are in
the ECA and these do not require correction.
Many patients will undergo re-exploration that was
unnecessary exposing them to increased risk.
Preoperative evaluation of the carotid duplex may
prevent events related to the common carotid.
Most correctable lesions could be prevented by more
meticulous surgery.
Most surgeons do not utilize RCI, yet they report
complication rates easily as good if not better than
those reported by surgeons who routinely do RCI.
Stated another way, in competent hands, the
neurological complication rate of CEA is so low that it
is unlikely that adding RCI can achieve clinically
relevant improvement in outcome.REFERENCES
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